This paper reports a preliminary exercise in the clinical evaluation of mild analgesics. It was a prelude to further studies which will be reported in due course.
METHOD
Two wholetime investigators were employed, a State Registered Nurse and an anaesthetist. They worked together for a practice period of several weeks, with aspirin and a placebo, before beginning the investigation proper. Throughout the investigation they worked independently.
Four medications were compared: aspirin and nepenthe (600 mg and 1.2 ml); aspirin (600 mg); nepenthe (1.2 ml); placebo. All medications looked and tasted identical.
The investigation was divided into two studies, in each of which 100 patients were seen by each investigator. In study one, neither investigator knew the nature of the drugs, or the number of drugs in the study; in study two one investigator (the anaesthetist) knew that he was repeating the same investigation, and was told the nature of the drugs. The other investigator remained "blind"; she had not guessed at the end of the investigation that the two studies were identical, and could not say how many different drugs had been included.
Nepenthe is a proprietary liquid preparation containing a mixture of the total alkaloids of opium similar to papaveretum. It contains 0.84 per cent anhydrous morphine.
The intention was that throughout both studies the nurse-investigator should work in an orthopaedic hospital and the anaesthetist in a general hospital. In practice, in order to make the best use of the available cases, the nurse-investigator saw 19 patients in the general hospital during study one, and 16 during study two; her other cases were all orthopaedic. The anaesthetistinvestigator saw patients only in the general hospital. All the nurse-investigator's patients were suffering from postoperative pain; 180 of the anaesthetist's patients had postoperative pain, the other 20 having miscellaneous painful conditions including six postpartum cases.
An attempt was made to follow each patient for three successive doses. For each study, an incomplete balanced block design was used, but in addition there were some patients who received the same active drug for each of their three doses (no patient received the placebo more dian once). The incomplete balanced block (Finney, 1955 ) is a design particularly suitable for experiments in which the number of drugs which can reasonably be given in succession to any one patient is less than the total number of drugs to be compared. In the present case an incomplete Latin square, or Youden square (Finney, 1960) , was constructed by omitting the last row from a 4 x 4 square AN A N P A AN P N N P AN A P N A AN, and using this as the basis for a simple balanced cross-over design (cf. Finney, 1960, p. 132 ), e.g.
All this information was recorded in duplicate on a data card, similar to those in use for anal- This was repeated 13 times, the patients receiving the same drug on each occasion (patients 1, 6, 11 and 16 above) being interspersed between the blocks as shown, with an additional first and last case to complete the study of 200. This is a "balanced" design (excluding the patients who receive the same drug each time) because not only does each medication occur with equal frequency, but each occurs equally often as a first, second and third dose, and each is preceded and followed an equal number of times by each other. In practice, consecutive patients were then allocated individual columns from the overall design by means of random numbers. Twelve identical bottles were made up for each investigator, three of which contained each medication. These were simply numbered 1-12 and issued with sets of data cards indicating the number of the patient and the bottle to be used for each dose. When provided with 12 bottles containing an unknown number of different drugs the investigators made no serious attempt to discover the underlying plan. Differently numbered sets of bottles were issued for study two.
The investigators made subjective evaluations at hourly intervals: at each visit the patient was asked to grade his pain as 1 =mild, 2=moderate, or 3 = severe, and the investigator also recorded his own impression of the degree of pain relief, grading this as 0=none, 1= slight, 2 = moderate, 3 = good, 4=complete. During the latter part of the investigation, the "quality" of each assessment was noted, 1 denoting that the patient was understanding and co-operative and that there were no disturbing influences, 2 denoting either that the patient was unhelpful or uncomprehending, or that some extraneous factor, such as the visit of a physiotherapist or a relative, interfered with some or all of the hourly assessments. The presence and severity of 19 side effects was noted. gesic studies in the United States, but modified for our purpose (Parkhouse, 1967) . Some of the statistical handling of the large mass of resulting information was undertaken by computer.
In addition to the work of the two clinical investigators, ward sisters and staff nurses were invited to record, on duplicated sheets which were provided, their own impressions of the value of each medication as good, moderate or poor, with provision for additional comments. Furthermore, every patient who received all three medications in the course of a single day was asked which of the three he considered to have been most effective.
RESULTS
There were two successive studies, in each of which data were collected by two investigators. Each investigator collected information relating to first doses in all patients, to second doses in those patients who required two medications, and to third doses in those patients who required three medications. For each medication given, an investigator's opinion and a patient's opinion were recorded, and in the case of each of these opinions hourly assessments were made up to the time when a subsequent drug was needed or for 6 hours. From these hourly assessments total scores were derived, giving an index of the overall effect of the drug in terms of both potency and duration of action.
In study one, 199 of the 200 patients were successfully scored for the first medication; for the second medication, 91 patients were scored by one investigator (V.W.) and 96 by the other (J.A.C.); for third medication, only 53 patients remained for V.W., and 88 for J.A.C. In study two, all 200 patients completed the first medication; the numbers for second medication were 94 (V.W.) and 98 (J.A.C), and for the third medication, 65 (V.W.) and 79 (J.A.C.). It therefore appears that a rather higher proportion of the patients required a third medication in the general hospital than in the orthopaedic hospital, in both studies. Figure 1 is an example of the hourly scores for pain relief from the four medications. This figure refers to the nurse-investigator in study two; it is typical of the findings throughout the two studies and the main purpose of reproducing it here is to show that there was no striking difference in the speed of onset or duration of action of the two active drugs, when given separately or together. It is apparent that differences of this kind could be detected, and this is important when the relative potencies of drugs are in question: if only total scores for pain relief are considered the fact that one drug has a more intense but less prolonged action than another may be overlooked. Mean total relief scores, with standard errors, are shown in figures 2 and 3. These mean total relief scores were derived by adding up the hourly relief score for each patient, to produce a total relief score, and obtaining a mean from the total relief scores of each group of patients. Despite the initial period of rehearsal the two investigators differed widely in their level of grading of pain relief. The four medications were generally placed in the order which clinical experience would lead one to expect with certain exceptions-the third dose data from study one, in particular, showing an unusually high placebo response in the hands of both investigators. These figures are derived from all patients: exclusion of those cases in which there was difficulty in making a valid assessment made little difference to the results. Likewise, the fact that the investigator in study two knew the nature and doses of the drugs under trial made no detectable difference to the findings. (29) n.s.
Study
The negative value indicates that the placebo was better than nepenthe. Tables I-III give the computed results of t-test comparisons between all pairs of drugs, when given as first, second and third doses. Although individual hourly scores were compared, only totals are shown in these tables. Both the investigators' opinion of relief and the patients' opinion of pain intensity are presented here, and it will be seen that although there is little to choose the investigator's relief scores show "statistically significant" differences rather more often. The question of what may properly be regarded as "statistically significant" in this context will be discussed later. Table IV shows the total incidence of side efiFects noted for the various medications. The side effects sought were: headache, nausea, vomiting, other gastro-intestinal disturbance, coldness or clamminess, sweating, dry mouth, palpitation, itching, skin rash, dizziness, sleepiness, tremor, restlessness, visual disturbance, auditory disturbance, other central nervous system disturbance, genito-urinary disturbance, respiratory depression. Although a total of 139 side effects was noted, in 530 patients, many of these were mild and none occasioned concern. Furthermore, the effects noted may or may not have been due to drug administration, since these figures are necessarily based on a post hoc ergo propter hoc assumption. Little useful information is to be obtained concerning individual side effects in a series of this size, although it is interesting to note that two effects stood out in frequency: sleepiness, noted in 11.3 per cent of patients and dizziness in 6.6 per cent (representing 43 and 25 per cent respectively of all side effects). The placebo was distinguishable by its lower total incidence of side actions, and the three active medications showed almost identical overall incidences.
With regard to the records of drug effect kept by the nursing staff, enthusiasm varied from ward to ward and from time to time. The highest return of ward records was from the orthopaedic hospital in study one: here, records were obtained for 38 of the 100 patients who were studied by the wholetime investigator. In the general hospital, doubtless because the ward staff often had a greater burden of routine work to attend to, the return of information was lower, and in study two, despite repeated encouragement, few usable records were obtained from either hospital. Table  V shows a trend in favour of the more potent medications, from the "good", "moderate" and "poor" ratings of the ward staff, although the number of cases in each group is too small to justify statistical analysis. The value of these opinions can be judged by comparing them with the investigator's assessments. In studies one and two, at the orthopaedic hospital, there were 44 patients for whom both ward staff and investigator's scores were available for at least two drug administratioiis: in 31 patients who received The figures represent pooled data from both hospitals and both studies. Chi 8quare=9.52, di. = 6,0.2>PX).l.
different drugs for first and second medications the ward staff opinion rated the more potent drug better on 9 occasions, and an equal rating for the two drugs was given on 22 occasions. In the 13 patients who received the same drug for first and second medications, the ward staff opinion gave an equal rating on 8 occasions and a different rating on 5. The investigator's opinion of relief indicated, in the 31 patients receiving different drugs, a preference for the more potent drug on 24 occasions, an equal rating on 3 occasions and a preference for the weaker drug on 4 occasions; in Since the nurse-investigator's assessments in study two represent perhaps the most successful phase of the present investigation, these results may appropriately be compared with the preferences expressed by those patients who received three medications in the course of a day. Information is here available concerning 65 patients, 46 of whom received three different medications and 19 of whom received the same medication on three occasions. In the 46 cases where different medications were given, the "best" drug was placed first by the patient, and also by the investigator on 23 occasions; on 3 occasions the patient placed the "best" drug first but the investigator did not; on 5 occasions the patient placed the "wrong" drug first but the investigator did not, and on 6 occasions both patient and investigator placed the "wrong" drug first; on 9 occasions the patient was unable to express a preference for one of the drugs, but the investigator's scores showed a preference on 7 of these occasions. In the 19 patients who received the same drug three times, the patient indicated no preference on 5 occasions, but on each of these occasions the investigator's scores indicated a preference; in 8 cases the patient expressed a preference for one dose with which the investigator agreed, and on 6 occasions he expressed a preference with which the investigator's opinion disagreed (tables VETI and IX).
of cases needed, the comparability of results obtained by different investigators and the repeatability of their findings, the "best" index of pain and its relief in this context, the feasibility of studying side effects, the relative merits of various techniques of statistical evaluation of results, and Most clinical investigators in the United States who have studied analgesic drugs have employed wholetime technicians or nurses to see patients and assess pain and its relief. This method has great potential advantages, but has been used very little in this country. Experience has repeatedly shown the danger of assuming that a described method of clinical investigation will necessarily yield a comparable result when applied to a different environment, and also the danger of attempting to report on the relative merits of drugs without first establishing that the method of study is capable of discovering, reproducibly, such differences between the drugs as may be of consequence. Before undertaking any systematic investigation of new compounds, therefore, we wished to obtain information on the following points: the sensitivity of our method, the numbers finally, in view of the very wide usage of mild analgesics, the value of ward staff opinions about pain relief and the value of the patient's opinion of the relative merits of consecutively administered drugs. Further studies have thrown more light on some of these points.
The present studies demonstrate the possibility of detecting differences between relatively nonpotent drugs by applying the nurse-observer technique in a British hospital. Some potential pitfalls, however, are dear. Despite a practice period before the start of the investigation, the results of study two were obviously more meaningful than those of study one. Interesting information was also obtained by running the same studies concurrently with two different investigators in two different hospitals: it is not fair to conclude purely from the present findings that one investigator's scoring was more "sensitive" than the other's, since one investigator was seeing mainly orthopaedic patients while the other's range was wider, including general surgical, gynaecological and ENT patients in addition to orthopaedic cases. This may have been responsible for a "real" difference in drug response in the two groups, but subsequent experience of other investigators working in the general hospital does suggest that the anaesthetist in studies one and two was a conservative scorer compared to most nurses. It is interesting to reflect that if the present investigation had not been repeated and if only one investigator had been employed-this being, by chance, the more conservative scorer in the general hospital-tie conclusion would have been that this method was incapable of revealing statistically significant differences between any of the active drugs and the placebo; whereas if only the other investigator had been employed and if her study one had been discarded as a practice run, the method would have appeared extraordinarily good. In terms of order of efficacy of drugs, essentially the same result was obtained by two investigators on two successive occasions. There were exceptions to this generalization, in individual phases of the investigation, particularly with less dissimilar medications; it was rarely possible to show a statistically significant difference between aspirin alone and nepenthe alone. First doses yielded more reliable distinctions than second doses, and third doses were the least satisfactory.
Many investigators have taken the view that the patient's opinion of his pain must be recorded quite literally, without any attempt on the part of the investigator to "interpret" what he says. We have often felt that this attitude is tantamount to a denial of the benefits of clinical judgement and experience, and some evidence has been produced that a careful investigator is better able to distinguish morphine from saline by using his own judgement of pain relief than by relying solely on the patient's word (Parkhouse and Holmes, 1963) . It was in the hope of shedding more light on this question that we here elected to record both patient's and investigator's opinion. In using a card designed for computer analysis it soon became apparent that patients' opinions, when literally stated in their own words, rarely fit neatly into the categories for which provision has been made. Thus, even although the investigator has every intention of reporting the patient faithfully some modification of his words is almost inevitable, and at this stage the distinction between the patient's and the investigator's opinion becomes blurred. It is worth noting that both investigators remarked that there were occasions on which they found it so hard to accept the patient's statement that they welcomed the opportunity of recording a personal opinion in addition. Subsequent investigators, in studies to be reported in due course, have made the same comment. In studies of this kind it is doubtful if any such thing as a true patient's opinion can consistently be put down; every attempt to record a communicated impression of pain must reflect the interaction between two human personalities, and our best hope is that one of these-the investigator's-will remain constant throughout the investigation. It is certainly true that in these studies the ability to discriminate between drugs improved, from study one to study two, not only in respect of the investigators' scores but also the patients' opinions. The fact that the difference between these two methods of assessment was much less marked than in the previously reported morphine studies (Parkhouse and Holmes, 1963) may be related to the fact that in the present case both assessments were purely subjective, while in the morphine investigations, which were carried out after upper abdominal surgery, observation of die patient's efforts to move and cough provided die investigator with much more "objective" evidence on which to base his assessment. There are some further considerations relating to the difference between patients' and investigators' assessments, particularly in regard to the theoretical basis of the scoring system, which will be taken up in the discussion of subsequent investigations.
The ward staff results were based on a single, retrospective estimate. The patients also, in being asked to indicate a preference at the end of the day, formed a single, retrospective judgement. Both these forms of assessment would be expected to prove less sensitive than the individual hourly assessments made by the investigators, and the patients themselves, at the time when pain was actually occurring. Here the distinction between "mental subtraction" and "subtraction on paper" (Parkhouse and Holmes, 1963 ) is complicated by a variable lapse of time and the possibility of confusing the effects of three different drugs. The results indicate that with both ward staff opinions and patients' end-of-day preferences it was more difficult to show dear judgements in favour of one drug or dose than with investigators' and patients' assessments, and "ties" were correspondingly more common. This, however, would be expected as a natural consequence of the scoring system; the crucial test is whether the apparent differences revealed by a more sensitive scoring system are meaningful. Table VIII compares patients' preferences, expressed at the end of the day, with both investigators' and patients' opinions recorded during the hours immediately following administration of each drug. In 9 cases the patient expressed no preference at the end of the day, but in 6 of these cases his scores at the time of administration indicated best relief from the best drug. The investigator's assessments yielded virtually the same result. In 11 cases the patients' end-of-day preferences placed the "wrong" drug first, but according to the assessments at the time of administration the best drug was placed first in 4 of these cases by the patient and in 5 by the investigator. Conversely, in 3 of the 26 cases in which the patient did place the best drug first at the end of the day, both patient and investigator were "wrong" at the time of administration. On balance, in these 46 cases, the patient at the end of the day judged the best drug most effective in 26 cases (56 per cent), his score at the time of administration showed it most effective in 29 cases (63 per cent), with a further 4 cases in which the best drug was tied with another, and the investigator's score favoured the best drug in 33 cases (72 per cent).
A similar analysis of the ward staff opinions, in comparison to the patients' and investigators' assessments is given in table VI. These data relate to the first two administrations, and it can be seen that whereas the ward staff found no preference in 22 of 31 cases, the patient (at the time of administration) found for the better drug in 11 of these cases and the investigator found for it in 15. The price paid for this greater sensitivity is shown by the fact that although the crude assessments of the ward staff were never actually "wrong" the patients' scores placed the poorer drug first on 9 occasions and the investigators' scores did so on 4. From all this it seems that, as in the previous study (Parkhouse and Holmes, 1963 ) the investigator's assessment made at the time of drug action emerges as the most reliable index. The patients' preferences were more in accord with the investigators' findings than were the nursing staff opinions. It might be observed that the variability of quality in these ward staff opinions, and the loss of clinical information due to waning enthusiasm could well be regarded as typical of many studies in which the heterogeneity of assessments and the hidden selection of cases plays so large a part.
Whatever scoring system is adopted, it is evident that there must be a limit to the precision with which changes in pain intensity and relief can actually be graded: Lasagna (1964) , in this context, aptly quoted Aristotle's observation, "It is the mark of an educated man to look for precision in each class of things just so far as the nature of the subject admits". Much more needs to be known about the limits of sensitivity of subjective scoring methods of this kind. In the present investigation, the failure to detect a difference in results when "grade two" assessments were excluded, and when one investigator knew the nature of the drugs under trial, may be regarded as an indication of the relative insensitivity of the method.
It is part of our intention ultimately to analyze the same data by a variety of statistical techniques, while using only known drugs, in the hope of obtaining some pragmatic guidance concerning the applicability of parametric tests such as the t-test to this kind of data, and the possible superiority of other methods. Statistically, the most instructive phase of the present investigation was the third dose information from the nurseinvestigator in study one ( fig. 2 ). This illustrates three important points: firstly, the need for something more than a mere inspection of mean scores. From the diagram it would appear that quite a notable difference in drug effect had been observed, and yet statistical analysis reveals that the only significant difference between any of the three active medications was between the aspirin and nepenthe mixture and nepenthe alone, according to the investigator's opinion. Secondly, the importance of including placebo medication in a study of this type, particularly at the stage when the method is being evaluated. Had a placebo not been used in this case the responses to the three active medications would have appeared to be appropriately graded, and would have given false confidence; it is only when the mean score for the placebo is seen to be higher than that for the best of the three drugs that the real worth of the results becomes apparent. Thirdly, this was the only instance in which the t-test gave a "significant" result in reverse-i.e. the placebo being "significantly" better than nepenthe. Admittedly, this was in study one, on "third dose" data, with small groups of cases and with no knowledge of how many patients required subsequent medication-in other words, with data which would, on general grounds, have been regarded as dubious. Nevertheless, the purpose of a statistical test is to reveal such inadequacies in data*. Since the real superiority of nepenthe over placebo is unknown, it cannot be said how often such a conclusion from the t-test would be expected to occur by chance, but taking the circumstances into account we feel that this instance represents about the limit of what is likely to occur in a well-designed investigation and certainly if a P value of 0.02 or 0.01 is demanded as the criterion of "significance" it seems very unlikely that the t-test will prove misleading.
It must be emphasized that the analyses of results presented in this paper are based upon individual doses. Thus, "first dose" results for each drug concern the scores achieved whenever this drug happened to be given to a patient as his first medication. Apart from the comparison between patients' and investigators' estimates of the most effective drug given, no evidence has been presented concerning the comparative effects of different medications in the same patient. Practical difficulties arise in the design and analysis of "cross-over" studies, one of the most important of which is the variable need of patients for postoperative drugs. The fact that in these two studies only 53-88 per cent of the patients required a third medication shows that it was largely pointless to evolve an incomplete balanced block design in view of the hopelessness of attempting an analysis of variance in the presence of so many "drop-outs". Theoretically, the advantages and disadvantages of using the patient "as his own control" in postoperative pain studies have been debated (Meier et al., 1958; Sunshine et al., 1964) , but no direct observations seemed to be available concerning the actual degree of variation "within" the same patient. This was the reason for including, in the present investigation, some patients who received the same medication on all three occasions. Figure 4 illustrates the outcome of giving the same drug to the same patient for the "same" pain on three successive occasions: a great variation in response is obvious, but this should not in itself be interpreted as a condemnation of the crossover technique; as Houde (personal communication) has pointed out, a comparable chart of the responses to different medications would show even greater variation. Nevertheless, it is worth noting that the constancy of individual patients' responses has perhaps been too readily assumed by some clinical investigators. The data are from study two, investigator V.W.
The drugs in this investigation were given in fixed doses, and for reasons of practical convenience this tends to be the rule in studies of orally administered drugs. In a series of this size it is unlikely that weight-response relationships would introduce serious error, but this question will receive further consideration. A computer programme has now been written so that in subsequent investigations the mean age and mean weight of each group of patients, and the sex ratio, can be printed along with mean scores, and when more data are available some conclusions will be published concerning the relationship between body weight and pain relief from a fixed dose of aspirin.
For the adequate assessment of side effects it often happens that large numbers of cases are needed. This creates a practical difficulty which, in so far as it reflects credit on the drugs that we use, may be expected to increase in the future. The closely-knit study of a few hospital patients has obvious limitations in this regard; what is needed is a reliable means of obtaining information from as many drug administrations as possible. Experience, on the whole, bears out in regard to both doctors and nurses the expectation that trustworthy information is unlikely to be provided by busy people with little inherent enthusiasm for record-keeping. If nothing else, the present studies demonstrate the ease with which information can be obtained from considerable numbers of patients when it is considered worthwhile employing a wholetime person with a specific interest in its collection. The quality of the information must needs depend upon the quality and conscientiousness of the collector, and it is hoped that further studies, in which a greater mass of information about side effects will be available, will enable a more critical assessment of the value of the wholetime investigator, in this respect, to be made.
